The article attempts to assess the usefulness of the Taguchi method to optimise the purification process of synthetic textile wastewater (pH 6.7 -7.2, Conductivity = 6.71 -6.84 mS/cm, Salinity = 3581 -3648 mg NaCl/l, Colour = 560 -4710 mg Pt/l, COD = 2220 -2290 (2, 7, 12) , reaction time (10, 30, 50 min), AG 16 concentrations (20, 120, 220 mg/l) to be effective in the purification of many types of industrial wastewater [9, 10] , including dye wastewater [11] [12] [13] [14] . A very promising oxidant that is being used to treat industrial wastewater is K 2 FeO 4 , which contains Fe(VI) and thus has strong oxidising properties (Eº = 2.20 V in acidic media and Eº = 0.72 V in basic media). As a result of contact with impurities present in wastewater, Fe(VI) ions are reduced to Fe(III) ions, which causes the precipitation of Fe(OH) 3 in an aqueous environment. Therefore K 2 FeO 4 can simultaneously act as an oxidiser and coagulate, and thus be an alternative to current methods of water and wastewater treatment [15] [16] [17] . Potassium ferrate(VI) was used to remove azo dye Orange II (removal of 62% of colour after 30 min) [18] , Active Brillant Red X-3B (removal of 99% of colour, 42% of COD and 9% of TOC) [19] and for wastewater treatment containing azo and anthraquinone dyes (removal of 87% of colour) [20] . One of the conditions for obtaining high efficiency of wastewater treatment is to conduct the process under optimal conditions. Methods of planning and optimising experiments, including the Taguchi method, are used for this purpose. This method is a multi-parameter statistical optimisation technique that uses a small number of experiments to identify and optimise parameters and obtain the desired response [21, 22] . The Taguchi method was used, among others, to op- [5, 6] . The diversity of chemical substances present in wastewater and the low susceptibility of many of them (including dyes) to biodegradation cause many technological problems during the treatment of dyeing wastewater [7] . Physical
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The textile industry produces wastewater that contains a number of soluble and insoluble substances, including unreacted dyes and other substances used at particular stages of the production process. The effective use of dyes in the production process is sometimes less than 60%. The remaining part, along with other substances, gets into the wastewater, which increases the values of BOD, COD, TDS (total dissolved solids) and others parameters. An additional problem is the low susceptibility of dyes to biodegradation [1] [2] [3] [4] . Technological processes of textile production are characterised by a significant consumption of dyes, detergents and many other substances, as a result of which the consequent wastewater is characterised by a very high pollution degree timise the electrocoagulation process and chemical coagulation of dye wastewater [23, 24] , as well as to optimise the course of a Fenton reaction [25] . The aim of the research presented was to use the Taguchi method to optimise the process of  removing Acid Green 16 dye (AG 16) [27, 28] . AG 16 is also a typical leather dye, and its colour and structure strongly depend on pH [29] . In the research presented AG 16 was used without further purification. Moreover sodium lauryl sulfate (Sigma-Aldrich, Germany), starch ((C 6 H 10 O 5 ) n ), acetic acid (CH 3 COOH, 99.5%), sucrose (C 12 H 22 O 11 ), sodium hydroxide (NaOH), sulfuric acid (H 2 SO 4 , 98%), sodium carbonate (Na 2 CO 3 ) and sodium chloride (NaCl) (Chempur, Poland) were used, which were dissolved in demineralised water with a total hardness of 0.5 ºdH. Sodium sulfite (Na 2 SO 3, 0.5 mol/l) was used to quench the K 2 FeO 4 oxidation reaction. For pH correction, 25% H 2 SO 4 and NaOH solutions were applied. Analytical grade reagents and distilled water were used in tests, with the exception of demineralised water, used for the preparation of wastewater samples.
n Analytical methods
The pH value, conductivity and salinity were determined using inolab ® pH/Ion/ Cond 750 and an SenTix ® 81 electrode (WTW, Germany) [30] . The colour (by 405 nm) was determined using a PF-11 spectrophotometer (Macherey-Nagel, Germany) after filtering the sample (0.45 µm) [31] . COD was determined by the dichromate method using sealed tubes and the PF-11 spectrophotometer [32] . DOC was determined after filtering the sample (0.45 µm) using a Nanocolor ® TOC 60 and the PF-11 spectrophotometer (Macherey-Nagel, Germany). Determination of DOC was carried out in two steps which included the disposing of inorganic carbon (NaHSO 4 , 500 r.p.m., 10 min), decomposition of organic carbon (Na 2 S 2 O 8 , 150 °C, 120 min), and detection of carbon dioxide formed by means of an indicator (Thymol Blue, sodium salt solution). The concentration of AG 16 in synthetic and purified wastewater was determined using a standard curve (λ = 640 nm, R 2 = 0.9997) and a UV-VIS spectrophotometer (Cary ® 50 UV-VIS, Varian Inc., Australia). The concentration of K 2 FeO 4 was determined using the chromite titration method based on oxidation in the strongly alkaline environment of ions CrO 
where, C Fe(II) and V Fe(II) are the concentration and volume of standard ferrous ammonium sulphate solution (0.085 mol/l and ml, respectively), M K2FeO4 is 198.04 g/mol, and m sample represents the weight of the sample in g [33] . The UV-VIS spectrum (180 -1100 nm, 0.035 g of Envifer product in 3 mol/l KOH) and content of K 2 FeO 4 in technical grade K 2 FeO 4 (by 505 nm) were determined using a UV-VIS spectrophotometer (Cary ® 50 UV-VIS, Varian Inc., Australia). In order to determine the concentration of K 2 FeO 4 in Envifer, the modified method set out in [34] was also used. A specific amount of the product was dissolved in distilled water, up to 100 ml in a volumetric flask, filtered (0.45 µm) into a quartz cell (the light path of the quartz cell was 10 mm), and the absorbance was measured at 505 nm. In this case, the K 2 FeO 4 content in % in Envifer was calculated as Equation (2) n
Conditions of experiments
The research was carried out as planned (Table 3) , at a constant temperature of 18 ± 1 ºC, in beakers containing 500 ml of the wastewater under study, which was mixed using a magnetic stirrer (200 r.p.m., MS11, Wigo, Poland). Up to 500 ml of wastewater with AG 16 = 20, 
Figure 1. UV-VIS spectrum of Envifer (0.035 g of Envifer dissolved in 100 ml of 3 mol/l KOH).
Absorbance and 785 nm) and minimum absorption peaks (390 and 400 nm, 675 and 678 nm) [34, 35] . On the basis of studies using the chromite titration and spectrophotometric methods, the Fe(VI) content was found to be 11.3%. The composition analysis (EDX) results showed that the commercial product contained 47.31 ± 1.50% K, 15.00 ± 0.45% Fe and 37.69 ± 5.20% O (Figure 2) (Figure 3) showed the heterogeneous crystal structure of the product tested, characterised by the presence of imperfect crystals of various sizes. They have some features of K 2 FeO 4 crystals (plump, columnar, cone-shape growth), as observed by other authors; however, due to the admixtures present in the product, these features were disturbed during the formation of the crystalline structure [35] . Synthetic wastes used in the study ( Table 2) , depending on the concentration of AG 16 (20, 120 and 220 mg/l), were characterised by different values of the physicochemical parameters determined. The largest variation concerned the colour of the wastewater (560, 2540 and 4710 mg Pt/l, respectively). The COD value was 2230, 2270 and 2295 mg O 2 /l, respectively, while the TOC content was 394, 433 and 551 mg/l. As a result of 9 experiments, according to the plan adopted (Table 3) , it was found that the lowest concentrations of AG 16 in the wastewater treated were obtained in experiments 1 and 6 (1.7 and 1.2 mg/l, respectively), and the highest in experiments 5 and 7 (211.1 and 105.3 mg/l, respectively). The smallest values of wastewater colour were obtained in experiments 1 and 6 (250 and 640 mg Pt/l, respectively). In these cases, despite the slight final concentration of AG 16 (1.7 and 1.2 mg/l, respectively), no complete visual discolouration of wastewater, which was characterised by a slightly yellowish colour, was obtained.
The final concentrations of AG 16 attained were also associated with changes in DOC values of the wastewater treated; however, in the case of this parameter, they changed to a small extent. The lowest DOC values were obtained in experiments 6 and 8 (276 and 268 mg/l, respecence in wastewater colour was observed (1240 and 2340 mg Pt/l, respectively). This was probably due to the formation of dye degradation intermediates tively). In some cases (experiments 2 and 4), despite comparable concentrations of AG 16 (21.6 and 24.3 mg/l) and DOC (307 and 284 mg/l), a significant differ- at different pH values (2 and 7), which affected the colour value determined at 405 nm. The Taguchi method, also used by other authors to optimise dye removal processes, was used to optimise AG 16 removal conditions [36] . The results of the experiments were initially evaluated by means of analysis of variance (ANOVA), thanks to which the influence of each parameter on the variance of results in relation to the total variance of all parameters was examined ( Table 4) . The analysis conducted showed that the "repeat" parameter was statistically insignificant, which meant that the results obtained did not differ significantly in subsequent replicates of the adopted plan of 9 experiments (p > 0.05). The other parameters (pH, time, and concentration of AG 16 & K 2 FeO 4 ) have been classified as statistically significant, and therefore one can infer their influence on the value of criterion function η. In the Taguchi method, process efficiency was assessed to minimise process variability in response to N factors (noise factors), while simultaneously maximising variability in response to S factors (signal factors). Both of the above criteria were analysed together by maximising the function of criterion η = S/N. In the investigation process, the criterion "smaller is better" was applied, due to the deliberate reduction of AG 16 concentration in the wastewater treated according to the criterion function (3):
out, which resulted in purified wastewater characterised by a low concentration of AG 16 (0.4 mg/l), a low colour value (66 mg Pt/l), and a DOC concentration of 249 mg/l (experiment 10, AG 16) . n The Taguchi method allowed to optimise the process with a small number of experiments and calculations, the results of which were presented graphically and were easy to interpret. n The Taguchi method, however, enforces the adoption of "rigid" ranges of concentrations of individual pollutants removed from the wastewater, which in technological practice can be a difficult task, especially in the case of wastewater treatment with high variability in quality. In the case where a lower concentration value than the one currently determined in the wastewater is indicated as optimal, the efficiency of the process will probably be lower than it would appear from the parameters obtained as a result of the Taguchi method. This problem can be minimised if it is possible to obtain a relatively constant composition of wastewater flowing η = -10·log 10 (
where, i -number of measurements, η -S/N factor, n -number of measurements for a specific process, and y -feature measured [37] . The S/N ratio expected in optimal conditions (pH 2, time -50 min, concentration of AG 16 = 20 mg/l, concentration of K 2 FeO 4 = 125 mg/l) is presented in Table 5 . The analysis conducted highlighted that the least influence on the effectiveness of AG 16 removal in the case of the synthetic wastewater tested was shown by the process time, followed by the concentration of K 2 FeO 4 and the pH value. The value of the final concentration of AG 16 in the wastewater treated was largely dependent on the initial concentration of dye. Due to the exclusion of the possibility of interaction between individual input parameters, owing to the use of orthogonal arrays during the planning of experiments, and based on the results obtained, one can infer the exclusive influence of individual parameters on the criterion function η [35] . into the treatment plant as a result of, for example, retention reservoirs. n In practical terms, in wastewater treatment technology, the Taguchi method can play an auxiliary role as a tool for initial optimisation of the wastewater treatment process, allowing identification of the most important process parameters and the significance of their impact on the efficiency of treatment.
